Background: Responses to stress could range from homeostatic variations to lifethreatening effects. Gender is accompanied by variations in oxidative stress that are implicated in the development of metabolic diseases. Females were found to be less susceptible to oxidative stress. Aim: to clarify the differences in metabolic responses to chronic immobilization stress in both rat sexes, and to elucidate the possible underlying mechanism(s). Methods: 40 adult albino rats of both sexes were divided into 2 main groups: control and stressed groups, each was subdivided into male and female groups. Stressed groups were exposed to immobilization for 4 weeks. All rats were subjected to estimation of body mass index percentage change (BMI%), visceral fat weight (VFW), glycemic parameters, lipid profile, plasma insulin, leptin, sex hormones, malondialdehyde (MDA), total antioxidant capacity (TAC) and nitrite. HOMA-B and HOMA-IR were calculated, Caspase-3 was assessed in pancreas by immunohistochemistry. Results: Stressed male rats showed lower BMI%, VFW, dyslipidemia, hyperglycemia, higher glucose output by kidneys, lower glucose uptake by diaphragm, HOMA-B, plasma insulin, testosterone and TAC, with higher plasma estrogen and MDA levels compared to control male group. Compared to control females, stressed females exhibited lower VFW, hyperglycemia, hypoinsulinemia, dyslipidemia, lower plasma TAC and HOMA-B, with higher nitrite and sex hormones. Compared to stressed males, stressed females showed higher BMI%, plasma TAC and estrogen, but lower glucose output by kidneys, dyslipidemia and testosterone. Conclusion: Chronic immobilization stress imposes greater metabolic derangement in males than in females. The altered sex hormones and lowered antioxidants could be contributory mechanisms.
INTRODUCTION
Priyadarshin and Aich (1) defined stress as a process which allows an organism to accommodate for the demands of its environment to be adapted to its conditions safely. Stress was reported to cause distorted homeostatic functions in the organism as a result of a stressor, which could be a physiological or psychological challenge (2) . In frequent stress exposure, lack of coping, inadequate stress responses and stimulated Therefore, this study was conducted to clarify the sex differences in the metabolic responses to chronic immobilization stress in rats, and to elucidate the possibility of involvement of sex hormones and oxidative stress as underlying explanatory mechanisms.
Materials and Methods:
This study was performed on 40 adult albino Wister rats of both sexes aged 12 months; initially weighing 200-300 g. Rats were purchased from a rat farm in Giza, and maintained in Medical Ain Shams Research Institute (MASRI) under standard conditions of boarding. Rats were fed regular diet composed of bread, milk and vegetables, with free access to water. Animals were not exposed to unnecessary pain or stress and animal manipulation was performed with maximal care and hygiene. At the end of experiment, animals were killed by overdose of anesthesia.
Animal remains were disposed by incineration.
The study was approved by the Research Ethics Committee 0000175785, Faculty of Medicine Ain Shams University (2015) . Rats were randomly allocated into the following groups:
Group І: Control group, which was further subdivided into: 1-Control male group (n=10).
2-Control female group (n=10).
Rats in these 2 subgroups were maintained under the standard conditions of boarding until sacrificed.
Group ІI: Stressed group, which was further subdivided into: 1-Stressed male group (n=10).
2-Stressed female group (n=10).
Rats in these 2 groups were subjected to immobilization stress by being encaged 2 hours daily, with cage dimensions of 6cm x 8cm x 14cm, 5 days/week, for 4 weeks, as described by Diab (12) .
Experimental Procedures:
At the end of the experimental period (4 weeks), overnight fasted rats were weighed and anaesthetized by intraperitoneal injection of thiopental sodium (Sigma tec Pharmaceutical industries), in a dose of 40 mg/Kg B.W. The nasoanal length and the waist circumference were measured, and a blood sample was collected thereafter from abdominal aorta in a tube containing heparin and centrifuged at 3000 rpm for 15 min. An aliquot of the separated plasma was immediately used for determination of plasma glucose, and the remaining plasma was divided into small aliquots that were stored frozen at -80°C for the biochemical studies.
Immediately after blood sample collection, the abdominal incision was extended upward to open the thoracic cage, and the diaphragm was quickly and carefully excised, and placed in iced Krebs solution for 10 minutes to be used for the in vitro determination of glucose uptake by the diaphragm.
Then, both kidneys were dissected out, immediately placed in iced Krebs-Ringer solution to be used in determination of glucose output by the kidneys. Visceral fat as well as the liver and pancreas were taken out and weighed. All the following parameters were assessed in all the studied groups: 
High density lipoprotein-cholesterol (HDL-C):
was calculated according to Histopathological study: Pancreas was dissected and preserved in 10% formaline for study of Caspase-3 immunohistochemistry that was performed as described by Suvarna et al. (20) .
Statistical analysis:
Data represented as Mean ± SEM. Statistical data and significance were performed by using SPSS version 20. One way ANOVA was used to compare between the different groups with least significant difference test (LSD) to find intergroupal significance. P value < 0.05 was considered statistically significant.
Results:
Compared to the control male group, stressed male rats showed significantly decreased BMI% and visceral fat weight (VFW) and significantly increased relative liver weight (RLW) (table 1) .
Stressed males, also, showed significantly increased fasting plasma glucose and glucose output by kidneys, while the glucose uptake by diaphragm was significantly decreased, as in (table2). Plasma Tg, TC, LDL-C and atherogenic index were all significantly increased in stressed male group, while HDL-C was significantly decreased denoting dyslipidemic lipid profile (table 3) . Plasma MDA level was significantly increased in stressed males while plasma TAC showed significant decline denoting occurrence of oxidative stress, as shown in (table 4) . Plasma insulin and testosterone were significantly decreased, while plasma estrogen was significantly increased in stressed males, as shown in (table 5).
HOMA-B showed significant reduction denoting pancreatic B-cell affection in male rats exposed to stress (table 6) . 
NS NS
Values are expressed as mean ± SEM. P*: Significance calculated by LSD at P<0.05 from respective male group. P1: Significance calculated by LSD at P<0.05 from respective male or female control group. NS: Not significant. 
NS <0.05
Values are expressed as mean ± SEM. P*: Significance calculated by LSD at P<0.05 from respective male group. P1: Significance calculated by LSD at P<0.05 from respective male or female control group. NS: Not significant.
Table (5):
Plasma insulin (μlU/ml), leptin (pg/ml), testosterone (pg/ml) and estrogen (pg/ml) levels in the studied groups. The pancreatic cells injury is suggested to be induced by oxidative stress as well as testosterone deficiency especially in stressed male rat group.
Experimental groups

Male Female Insulin Leptin Testosterone Estrogen Insulin Leptin Testosterone Estrogen
This explanation is in accordance to the study by In support to the proposed protective metabolic role of estrogen the study by Carr (42) reported that estrogens share in metabolic regulation, and that estrogen reduction has extra-reproductive effects including metabolic rate reduction, central adiposity, dyslipidemia, and aggravating metabolic syndrome.
Lucas et al. (43) reported that estrogen improves lipid profile. Fouad and Dahhan (44) observed that degradation of cholesterol and reduction of serum Lutgendorff et al. (55) .
In consistence, nitric oxide free radicals were found to lead induction of downregulation of testicular steroidogenesis (56) . In addition, Ghosh et al. (57) mentioned that the membranes of testis contains excess amount of polyunsaturated fatty acids leading to its susceptiblity to oxidative stress and MDA, affecting the activity of enzymes involved in testicular steroidogenesis. Moreover, Manna et al. (53) observed that oxidative stress induced by swimming exercise lead to reduction of testicular 3β-hydroxysteroid dehydrogenase and 17β-hydroxysteroid dehydrogenase activities that contribute in testosterone synthesis.
Also, increased secretion of glucocorticoids during stress, could be another mechanism for testosterone reduction on stress exposure. This occurs by a glucocorticoid receptor-mediated pathway, where glucocorticoids suppress Leydig cell function (58) . It has been observed that glucocorticoids inhibit enzymes involved in testicular steroidogenesis, such as NADPH-P450 reductase, P450c 17 (17α-hydroxylase and 17, 20lyase) and 3β-hydroxysteroid dehydrogenase (58) .
Also, induce Leydig cells apoptosis on exposure to excess glucocorticoids (59) .
Furthermore, stress induced-endogenous opioids release is assumed to affect testosterone secretion. Stress stimulates secretion of corticotropin releasing factor (CRF) and βendorphins that mediate suppression of the hypothalamic-pituitary-gonad (HPG) axis (60) .
Moreover, Marquez et al. (61) observed that this stress induced suppressive effect was declined with the opioid antagonist "Naltrexone".
In addition, reduction in testosterone in stressed male rats could be explained by deteriorated testicular blood flow. Stimulation of the sympathetic nerves or injection of catecholamines was found to lead to vasoconstriction, reducing testicular blood flow (62) .
However, the significant increase in plasma estrogen level in stressed male rats could be attributed to increased activity of aromatase enzyme, that converts androgens to estrogens (63) .
Borrás et al. (64) reported that the activity of this enzyme increases in men on exposure to stress.
In stressed female rats the significant increase of plasma estrogen and testosterone could be attributed to hypothalamic-pituitary-adrenal (HPA) axis activation by stress leading to the release of glucocorticoid hormones as reported by the study of McEwen (35) which mentioned that, ACTH also acts on the zona reticularis, releasing androgens that could be transformed into estron or testosterone, that can be then changed partially to estradiol.
On the contrary to the present findings, Whirledge and Cidlowski (65) found that chronic stress decreases sex hormones. Kirby et al. (66) showed that immobilization stress either acute or For control and stressed female rats plasma testosterone is significantly lower while plasma estrogen is significantly higher than the corresponding male groups which is a normal physiological finding.
In rats of both sexes, exposure to stress promoted significant decrease in the TAC as compared with their respective controls.
Meanwhile, significant elevation of plasma MDA was detected only in stressed males compared to control male group and significant elevation of plasma nitrites was observed only in stressed females compared with control female group.
These findings denote increased production of free radicals and occurrence of oxidative stress which is in accordance with the study of Yu (67) which reported that stress causes the production of many free radicals, which react with proteins, lipids, carbohydrates, and nucleic acids, lead to the development of various pathologies as reported by
Stojiljković et al. (68) . Zafir and Banu (69) investigated that oxidative stress induced by the administration of corticosterone for a long time is comparable to that induced by a psychological stressor, proving the involvement of stress hormones in the restraint stress induced oxidative damage. Earlier, McIntosh et al. (70) reported that glucocorticoids decrease the activity of SOD and glutathione peroxidase (GPx).
In stressed female rats, although there was a significant decrease in plasma TAC when compared with control females, it was significantly increased compared to stressed male rats. This finding indicates the less affection of female rats than male rats exposed to stress that may be related to the protective role of estrogen in females. The apparent significantly elevated estrogen displayed by stressed female rats that seems to be a trial to oppose oxidative stress effect, confirm this explanation.
Previously, Tupikowska (71) 
Friedewald WT, Levy RI, Frederickson DS:
Estimation of the concentration of low- 
